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| INTRODUC TI ON
Since Bränemark et al. (1977) first introduced the concept of osseointegration, implant therapy has been evolving towards treatment improvement and predictability, particularly regarding the maintenance of crestal bone levels. Generally, it has been considered acceptable a crestal bone loss around dental implants of 1.5 mm during the first year, followed by 0.2 mm loss in the subsequent years (Albrektsson, Johansson, & Sennerby, 1994; Smith & Zarb, 1989) . More recent studies advocate that the maintenance of the initially achieved peri-implant bone levels as coronal as possible is crucial for long-term success and good aesthetic results of implant therapy (Sanz et al., 2015) . Crestal bone remodelling is a complex event with clinician-and patient-related factors as well as infections or foreign body reactions (Albrektsson et al., 2012) which is highly influenced by implant-related factors such as the macrogeometry of the implant, the implant-abutment connection, and the position of the coronal rim in relation to the crestal bone (Siadat et al., 2012) .
The system initially proposed by Bränemark was designed to be used in a two-stage procedure, allowing submerged healing of the implants, after which screwing of a transmucosal prosthetic component exposed the implant to the oral environment (Branemark et al., 1977) -two-piece implant system (Laney, 2017) . Submerging the implants during the healing period was considered fundamental for the implant to osseointegrate without being exposed to external forces or to the microorganisms of the oral cavity (Albrektsson, Branemark, Hansson, & Lindstrom, 1981) , minimizing the risk of infection. However, it has been demonstrated that osseointegration is also achieved in nonsubmerged implants, which present similar performance regarding marginal bone levels (Chrcanovic, Albrektsson, & Wennerberg, 2015a , 2015b while preventing the execution of a second surgery, allowing immediate or early loading of the implants and reducing the time of treatment (Buser, Arx, Bruggenkate, & Weingart, 2000; Gatti & Chiapasco, 2002; Moberg et al., 2001 ). This one-stage protocol can be achieved with two-piece implants plus a transmucosal healing abutment or with one-piece implants, which incorporate a well-defined transmucosal portion, corresponding to the implant neck, that is not meant to be inserted in the bone and transfers the gap between implant and abutment to the soft tissue level, approximately 2-3 mm coronal from the alveolar crest.
Even though multiple studies report high survival rates of screw-type implant systems (Astrand, Engquist, Anzen, et al., 2004; Astrand et al., 1999; Brånemark et al., 1983; Froberg, Lindh, & Ericsson, 2006; Meijer, Raghoebar, & Van't Hof, M. A. & Visser, A., 2004; Rocci, Martignoni, & Gottlow, 2003) , several modifications have been introduced in the macro-and microgeometry of this type of fixtures trying to enhance the rate and extent of osseointegration (Sykaras, Iacopino, Marker, Triplett, & Woody, 2000; Zhao et al., 2005) , to promote the preservation the peri-implant tissues (Guerra et al., 2014; Nevins, Camelo, Nevins, Schupbach, & Kim, 2012) and to shorten treatment time.
In the case of two-piece implants, the implant neck is placed at the critical level of the residual ridge displaying the majority of the deleterious effects of stress in the marginal bone (Oh, Yoon, Misch, & Wang, 2002) . Bone loss takes place around the neck and it is the portion of the implant that becomes exposed under those circumstances, reason why it has been identified, together with the surface characteristics, as one of the most important features of implant design. Consequently, a profuse amount of different neck features, such as tapering of the most coronal portion of the implant body, smoothing or roughening of the neck surface, and introduction of microthreads or microtextured surfaces by laser ablation, have been introduced in the highly competitive dental market claiming to promote preservation of marginal bone levels.
There are numerous studies in the literature comparing implant systems but under highly variable conditions leading to a wide dispersion of the information. A previous systematic approach of the comparison of implant systems (Esposito, Ardebili, & Worthington, 2014) focused on specific types of surfaces, implant shapes (generally cylindrical vs. conical implants) and materials, rather than identifying implant neck features and pointing their effect on marginal bone level changes. Up to this moment, there is no evidence to declare the superiority of any of the configurations (Bateli, Att, & Strub, 2011) . A recent systematic review (Tallarico et al., 2018) aiming at the evaluation of implants with conventional neck design (flat implants) and one-piece implants or implants with scalloped or sloped shoulder in the aesthetic region corroborated that the different implant shoulder designs (scalloped, sloped, and one piece) offer no benefit when compared to conventional flat implants but stress the limitation of the results due to the risk of bias of the studies included.
The aim of the present systematic review was to assess the impact of the modification of the implant neck characteristics in the survival rates of the implants, radiographic marginal bone level changes, and health of the peri-implant soft tissues.
| MATERIAL AND ME THODS

| Focused question
A detailed protocol was designed according to the PRISMA (Preferred Reporting Items for Systematic Reviews) statement to answer the following focused question: In patients subjected to tooth replacement with screw-type dental implants does the modifi-
cation of the implant neck macro or micro-geometry contribute to the improvement of the survival rate and maintenance of the peri-implant marginal bone levels?
Initially, a PICO assessment worksheet was used to define the topic and plan the search strategy considering:
1. Population: Systemically healthy patients with at least one dental implant inserted in healed sites (either nonaugmented or after nonsimultaneous hard tissue augmentation procedures).
Intervention:
Any solid screw-type titanium dental implant (cylindrical or root-shaped).
Comparison:
Any modification of the outer surface of the most coronal portion of the implant at the level of the design (macro-or microgeometry) or surface treatment.
4.
Outcomes: Implant failure (defined as a biological failure due to peri-implant radiolucency, signs of mobility or signs and symptoms of pain or infection, and removal of stable implants dictated by progressive marginal bone loss, or as mechanical failure due to implant fracture or any other mechanical failure impairing the use of the implant), radiographic peri-implant marginal bone levels changes.
Other variables, such as biological complications, pocket probing depth (PPD), bleeding on probing (BoP), Plaque index (PI), and periimplant mucosal level (PML), as well as patient-reported outcomes (PROMs) were also searched and, if present, described.
| Search strategy
For the identification of studies to be included in the present review, a detailed search strategy was developed for MEDLINE via Furthermore, references from previous systematic reviews (Bateli et al., 2011; Esposito et al., 2014; Tallarico et al., 2018) dealing with the effect of implant design on the outcomes of implant therapy were checked for article identification.
| Inclusion and exclusion criteria
This systematic review considered randomized controlled trials of parallel arm or split-mouth design reporting crestal bone levels around titanium screw-type dental implants with different neck designs or surfaces or comparing different implant systems, with at least 12-month follow-up duration and 10 participants per group.
The following items were considered as exclusion criteria:
1. Quasi-experimental and prospective/retrospective cohort studies, abstracts, reviews, or animal studies; 2. Studies addressing nonsolid screw-type implants, such as hollow screws, cylinders, and blade-vent implants; zygomatic, mini implants and/or orthodontic anchorage devices; one-piece F I G U R E 1 Study flowchart and process of selection of the studies 
| Study selection
After the removal of the duplicate records, two review authors (AM, FG) independently scanned the titles and abstracts of all reports identified through the electronic and manual search processes.
When studies apparently met the inclusion criteria or when data from the abstracts were insufficient to correctly assess eligibility, the full texts of possibly relevant studies were obtained and independently assessed by two authors (AM, FG). Inclusion ambiguities were discussed between the two authors, and when agreement was not obtained, a third author (PN) was consulted. Studies rejected at this or subsequent stages were recorded in the specific "Characteristics of excluded studies" table (Appendix S1) with the corresponding rationale for the decision.
| Data collection
Data on the following parameters were extracted: author(s), year of publication, study design, funding information, planned number of patients and actual number of patients at end of the study, mean age of the patients, characteristics of the implants used in the control and test groups, number of implants per patient, type and location of rehabilitation as well as loading timing. Clinical and radiographic data, namely number of years of follow-up, reported technical and biological failures, and marginal bone level changes.
Two authors (AM, FG) independently extracted data using specially designed data extraction forms. Disagreements were resolved by discussion and, whenever needed, a third author (PN) was consulted. Multiple reports of the same study were linked under a single study name (the most recent publication).
| Assessment of risk of bias in individual studies
As part of the data extraction process, the methodological quality of the included trials was evaluated using the Cochrane Collaboration's tool for assessing risk of bias (Higgins & Green, 2011) . Studies were assessed for sequence generation; allocation concealment; blinding of participants and personnel; blinding of outcome assessment; completeness of outcome data; selective outcome reporting; and risk of other potential sources of bias. After the judgement of each domain, studies were classified as:
1. Low risk (all seven domains with low risk) 2. Moderate risk (unclear risk of bias for one or more key domains) 3. High risk (high risk of bias for one or more key domains)
| Data synthesis
Changes from baseline within each treatment group were expressed as mean differences (MD) and standard deviations (SDs) for the continuous outcome variables marginal bone level changes (MBL), pocket probing depth (PPD), as extracted from each primary study.
Group differences were summarized as weighted mean differences (WMD) and 95% CIs. For the dichotomous outcomes, namely implant survival, we expressed the estimate of effect of an intervention as risk ratios (RR) together with 95% confidence intervals (CIs).
Meta-analyses on RRs or MDs were performed with the software RevMan 5.3 using random-effects models. Data from split-mouth studies was combined with that originating from parallel-arm studies using the generic inverse variance method outlined by and .
Authors of the trials were contacted in case of missing data. If no additional data was retrieved, missing standard deviations were estimated using the methods described in the Cochrane Handbook for systematic reviews of interventions (chapter 7.7.3) . Whenever needed, group data were combined using the methodologies also described in the same chapter.
Discrepancies in the estimates of the treatment effects from the different studies (statistical heterogeneity) were assessed using the Cochran's test for heterogeneity in which the I 2 statistic is quantified for the description of the percentage of total variation across studies that is due to heterogeneity rather than chance. An I 2 statistic over 50% was considered substantial heterogeneity.
TA B L E 1 Cohorts of patients with multiple reports that were gathered under the name of the most recent publication After removing duplicates, 1,601 records were screened for title and abstract. This analysis allowed the exclusion of 1,478 records, and 123 full texts were retrieved. Eighty studies were excluded from the review at this stage (Appendix S1). Figure 1 describes the process of identification of the remaining studies.
| Study characteristics
The review included 43 studies reporting on 32 different cohorts of patients and pooled data from 3,048 implants at baseline and from 2,474 implants after the follow-up period. Previous reports of the same investigations are identified in Table 1 . The characteristics of included studies are summarized in Tables 2 and 3 and described in detail in Appendix S2. Risk of bias assessment is summarized in Figure 2 .
In seven studies, it was unclear whether random sequence generation was adequate ( In 18 cases, it was unclear from the trial report whether concealment of the randomization was performed (Akoglu et al., 2011; Astrand, Engquist, Anzen, et al., 2004; Glibert et al., 2018; Guarnieri et al., 2015; Gultekin, Gultekin, Leblebicioglu, Basegmez, & Yalcin, 2013; Hegazy, Elmekawy, & Emera, 2016; Hof et al., 2014; Hsu et al., 2016; Jacobs et al., 2010; Kang et al., 2012; Kim et al., 2010; Lee, Choi, Park, Kim, & Moon, 2007; Penarrocha-Diago et al., 2013; Ravald, Dahlgren, Teiwik, & Grondahl, 2013; Ryu, Namgung, Heo, Lee, & Lim, 2016; Shin, Han, Heo, Kim, & Chun, 2006; Song et al., 2009; Tymstra et al., 2011) and were therefore classified as unclear risk for it the possibility to foresee the allocation. One study reported alternate enrolment of patients and was classified as high risk of bias (Nickenig et al., 2013) .
Even though blinding of clinicians was not possible in most of the cases due to the inherent characteristics of interventions (different types of implants), the authors of the review considered that the studies were at low risk of bias as long as the surgical protocol for device installation was performed according to the implant manufacturers' instructions. In two studies, there was risk of variations in the insertion protocol (Akoglu et al., 2011; Glibert et al., 2018) , thus classified as unclear risk. A similar situation was considered for blinding of outcome assessors and detection bias since in most of the cases, it was not possible to conceal the treatment due to the different radiographic appearance of the implants. The studies were considered to be at low risk of bias as long as the radiographic measurements methods were described and/or the results of assessors' agreement were reported. All studies provided at least one of these requirements. 
In five cases, no reasons for missing data were provided (unclear risk) (Fernandez-Formoso, Rilo, Mora, Martinez-Silva, & Diaz-Afonso, 2012; Hegazy et al., 2016; Hsu et al., 2016; Rokn et al., 2015; Shin et al., 2006) . Two cases were classified as high risk because "as-treated" analysis was done with substantial departure of the intervention received from that assigned at randomization (Arnhart et al., 2012; Ryu et al., 2016) .
In four trials, data were not directly extractable from the text (calculations needed) or data were so incomplete that it could not be used in the meta-analysis and thus were classified as high risk (Burtscher et al., 2015; Glibert et al., 2018; Hsu et al., 2016; Nickenig et al., 2013) .
Within the cohorts analysed, three major interventions (or types of screw-type dental implants) categories could be identified regarding the implant neck design, as pictured in Figure 3. Two-piece implants with macrogeometry modifications of the neck: variations in the outer profile that modify the implant shape, such as neck scalloping, neck tapering (enlargement of the implant in the neck region in relation to the maximum body diameter), and back-tapering (narrowing of the implant in the neck region in relation to the maximum body diameter).
Eight full texts reported on one-piece transmucosal and two-piece implants, representing seven different studies since two of these were consecutive reports of the same cohort of patients Astrand, Engquist, Anzen, et al., 2004) . These included a total of F I G U R E 2 Author's assessment of risk of bias of included studies 711 implants at baseline, and in five cases, the comparison was established with two-piece implants with machined neck (Astrand, Engquist, Anzen, et al., 2004 , Burtscher et al., 2015 , Sanz-Martín et al. 2017 , Shin et al., 2006 , van Eekeren, Tahmaseb, & Wismeijer, 2016 and in two other cases with two-piece implants with rough collar (Akoglu et al., 2011; Fernandez-Formoso et al., 2012) . Shin et al. (2006) included a second comparison group with rough collar implants with microthreads. As represented in Figure 2 , four of the studies were evaluated at unclear risk, one at high risk, and only one at low risk.
Thirty-four studies addressed two-piece bone level implants, with a total of 2,421 implants at baseline and 2,080 implants at the final follow-up. Eleven studies compared machined collar implants with rough collar implants (Alsabeeha, Payne, Silva, & Thomson, 2011; Hsu et al., 2016; Jacobs et al., 2010; Kim, Lee, Lee, & Yi, 2013; Ravald et al., 2013; Vroom et al., 2009) Four studies, two at low risk (Guarnieri, Rappelli, Piemontese, Procaccini, & Quaranta, 2016; Linkevicius, Puisys, Svediene, Linkevicius, & Linkeviciene, 2015) and two at unclear risk of bias (Guarnieri et al., 2015; Hegazy et al., 2016) established comparison between implants with collar LASER-microtexturing (LASER-Lok, LL) and implants with rough collars, with a maximum follow-up of 3 years. Implant location, loading protocol, and type of restoration were variable across studies.
Macromodifications of the implant collar, namely coronal tapering, coronal back-tapering, or scalloping were compared with regular cylindrical implants in nine studies. Three studies addressed the effect of coronal tapering (Alsabeeha et al., 2011; Kim et al., 2010; Lee et al., 2007) , four studies evaluated the effect of coronal backtapering (Arnhart et al., 2012; Gultekin et al., 2013; Pozzi, Agliardi, Tallarico, & Barlattani, 2014; Rokn et al., 2015) , and two studies focused on the performance of scalloped implants in the aesthetic zone (den Hartog et al., 2017; Tymstra et al., 2011) . The same test implants were used within the group of studies on coronal back-tapering and within the group of studies on neck scalloping. Two of the studies on coronal tapering were at unclear risk of bias (Kim et al., 2010; Lee et al., 2007) . Regarding back-tapering, the studies were at high (Arnhart et al., 2012) , unclear (Gultekin et al., 2013; Rokn et al., 2015) , and low (Pozzi, Agliardi, et al., 2014) risk of bias. One of the studies on neck scalloping presented unclear risk of bias. In all cases except one (Alsabeeha et al., 2011) , the implants were restored with fixed unitary or partial prosthesis. Conventional loading was performed in six of the cases.
Major outcomes of all studies are summarized in Table 4 .
| Effects of the interventions
| One-piece implants with transmucosal collar versus two-piece implants
Implant survival
Three studies (Akoglu et al., 2011; Fernandez-Formoso et al., 2012; Shin et al., 2006) reported no implant failures. For the remaining data, no differences were found in implant survival, after variable times of follow-up (1-5 years), despite the slight trend for better performance of the one-piece implants as seen in Figure 3 .
Marginal bone levels
No differences between implants with transmucosal collar and two-piece implants after 1 year of functional loading (N = 6 studies, WMD = 0.09 mm, 95% CI: [−0.27, 0.51], p = 0.64), but the trends were opposite when the comparator was a two-piece machined collar implant or a two-piece rough collar implant, as depicted from The two studies that reported patient-based MBL changes (Astrand, Engquist, Anzen, et al., 2004; Sanz-Martín et al., 2017) corroborated the findings by presenting a null mean difference between implants with transmucosal collar and two-piece implants.
Clinical outcomes
In two trials (Akoglu et al., 2011; Astrand, Engquist, Anzen, et al., 2004) , BoP affected no more than 10% of all implants and no differences were found between groups at baseline or any other follow-up.
Sanz-Martín et al., 2017 reported slightly higher BoP but also with no differences between groups. Although Sanz-Martín et al. (2017) reported no differences in PD at 1 year of follow-up, Akoglu et al.
(2011) reported higher mean PD for the two-piece implants after 5 years (Table 4) . Astrand et al. reported peri-implantitis in 5% of the transmucosal implants. Sanz-Martín et al. (2017) reported the same number of implants affected with peri-implantitis in both groups.
| Machined versus rough collars in twopiece implants
Implant survival
Four studies (Hsu et al., 2016; Kim et al., 2013; Nickenig et al., 2013; Shin et al., 2006) reported no failures. In the remaining studies, no (4) (Ravald et al., 2013; Vroom et al., 2009) .
Clinical parameters and complications
Soft tissue parameters were generally stable and at healthy levels with mean plaque index <30%, pocket probing depths ≤3 mm and bleeding indexes <20%. Only in one study (Ravald et al., 2013) , bleeding on probing was globally higher in both groups and accompanied of more than 42% of all implants presenting PPD ≥4 mm.
The relative risk for peri-implantitis was similar for patients with machined and rough collar implants (RR = 1.31, 95% CI: [0.58, 3 .28], p = 0.47).
| Effect of microthreads in rough collar implants
Implant survival
The study of Glibert et al. (2018) reported a global survival rate of 96.4% but did not specify which implants (with or without microthreads) failed. The authors were contacted to clarify the issue but did not provide the requested data. All other studies reported no failures. Only Lee et al. (2007) presented data from 17 patients at 3 years post loading, with a mean difference of 0.27 mm favouring the use of microthreads.
| Effect of LASER microtexturing
Implant survival
Failures were reported only in one study (Guarnieri et al., 2015) and equally distributed by groups (1/39 LASER microtexturing and 1/39 rough collar).
Marginal bone levels
Mean difference in MBL changes between implants with LASER mi- provided 3-year data on MBL changes, which were 0.65 ± 0.22 mm for LL implants and 1.24 ± 0.28 mm for non-LL implants, revealing a significant mean difference of 0.59 mm (p < 0.05) in favour of the first.
Clinical parameters and complications
In all studies, soft tissue parameters as BoP and peri-implant mucosa level were similar for the two types of implants compared.
One study reported that more often LASER microtextured implants promoted entire filling of the proximal space than rough collar implants (Guarnieri et al., 2015) . Two studies (Guarnieri et al., 2015 (Guarnieri et al., , 2016 ) with 55 implants per treatment arm determined that PPD was statistically lower in LASER microtextured implants after 1 year of service, with a mean difference of 1.31 mm (N = 2 studies, 95% CI:
[1.20, 1.42], p < 0.001).
| Macrogeometry modifications
Implant survival
In the study of Arnhart et al. (2012) , no differences were detected in the survival of modified (back-tapered) and regular neck implants. At 
| Fixed single-unit and partial restorations
Nineteen of the studies included in the analysis of two-piece bone level implants used fixed single-unit or partial restorations as well as six studies of the analysis of one-piece transmucosal implants. The main common element was the use of rough collar implants, with or without microthreads (eight studies), which was considered the basis for comparison to determine the most effective approach for single-unit or partial edentulism cases.
Despite the high heterogeneity across studies, the meta-analysis revealed that rough collar implants perform significantly bet- 
| D ISCUSS I ON
The present systematic review aimed at answering the following question "In patients subjected to tooth replacement with screwtype dental implants does the modification of the implant neck macro or micro-geometry contribute to the improvement of the survival rate and maintenance of the peri-implant marginal bone levels?" by the analysis of randomized controlled trials dealing with the comparison of different implant systems and a minimum of 10 patients followed up for at least 1 year. Even though care was taken to reduce possible sources of clinical heterogeneity by including only randomized trials that reported implant installation in healed sites and without simultaneous bone regeneration procedure, the analyses were often performed with high heterogeneity which could be a consequence of the variability in procedures employed in the studies, particularly in what concerns the implant location, type of rehabilitation, the loading moment, or the number of implants per patient (Table 3) . To address the issue, all meta-analyses only included studies that used the same baseline for the measurement of the primary outcomes (either surgery or loading) as well as the same statistical unit (either the implant or the patient). This option frequently led to a reduce number of studies in each analysis, compromising the power of the inferences.
For instance, the heterogeneity associated with the comparison of MBL changes in one-piece transmucosal collar implants and twopiece implants arises from the inclusion of studies at unclear or high risk of bias, namely one study with insufficient data to evaluate comparability of the groups at entry (Shin et al., 2006) and a very high effect size associated with machined collar implants, not compatible with those of other studies. It is noticeable the opposite trends of the subgroups of two-piece implants that were compared to transmucosal implants (Figure 4 ): on the one hand, two-piece implants with machined collar seem to have higher bone loss than transmucosal implants; on the other hand, if the two-piece implant presents a rough collar, then it performs better than the transmucosal implant.
Biomechanically it is possible that the cylindrical geometry of the machined collar induces higher stresses which, associated with the proximity of the implant-abutment junction to the peri-implant cortical bone, justifies the higher bone loss of those implants. The opposite trends, associated with the high heterogeneity of results, shifted the mean difference in marginal bone level changes after 1 year towards the null (0.09 mm, p = 0.64). Long-term data are scarce to draw any conclusion.
Contrarily, data on implant survival were consistent across studies, presenting a slight, nonsignificant reduction in the risk of failure by the use of transmucosal implants (Figure 3 ). However, it is important to notice that most of the losses of the two-piece group were early failures, which could be in part associated with the use of machined/turned implants (Brånemark MK II) in the studies of Astrand, Engquist, Anzen, et al. (2004) and Burtscher et al. (2015) .
The studies with the longest follow-ups and with the largest number of patients were lodged under the comparison of two-piece machined and rough collar implants. If, on the one hand, it is valuable that three of the included studies present follow-ups superior to 12 years, extending up to 16 years, on the other hand means that some implant surfaces considered at the beginning of the studies are no longer available for commercialization. However, such implants are still in function in thousands of patients and their major geometric features remained unchanged, reason why it is important to report on their clinical performance. In the case of survival analysis, care should be taken upon the inference of the results since the comparisons between machined collars and rough collars are often established using turned implants (body and neck) or surface treatments no longer available, which could have modified the associated risks. That is observed when the risk of failure is split-up to early and long-term failure risk. As observed in Figure 5a , no differences can be detected between machined and rough collar implants; however, the risk of early failure in machined collar implants is 3.96 times (p = 0.03) the risk of rough collar implants (Figure 5b ). This deviation of the early failure risk in relation to the overall failure risk could be due to the inclusion of implants with machined collar and body or due to several late failures of rough collar implants, specifically Astra Tech TiO 2 -blast implants, reported by Ravald et al. (2013) .
Regarding marginal bone levels at 1-year post loading (Figure 6 ), the inclusion of two studies with effect sizes that largely surpass those of the other studies (Kim et al., 2013; Shin et al., 2006) introduces heterogeneity to the analysis and consequent widening of the confidence interval for the mean difference with marginal significance (WMD = 0.43 mm, p = 0.05). It is interesting to notice that two of the studies that fail to report a positive effect of the rough collar on MBL changes (Alsabeeha et al., 2011 , Hof et al., 2014 (Chrcanovic et al., 2015a (Chrcanovic et al., , 2015b , it is possible, due to the overlapping numbers, that the difference between rough and machined collars could be associated to that feature (possible confounding factor). This is particularly noticed in the comparison of rough collar implants with machined collar implants in the rehabilitation of single-unit or partial fixed restorations.
Regarding the onset of peri-implantitis, though no differences were found between rough and machined collar implants (Ravald et al., 2013; Vroom et al., 2009) , in the rough collar group, the same percentage of affected implants was distributed by a smaller percentage of patients, reflecting some clustering phenomena of peri-implantitis. This means that if the disease installs in patients with rough collar implants, it is likely that will affect more than one implant.
In the case of the analysis of microthreads and their nonmicrothreaded counterparts, the studies were methodologically different and the results highly variable which contributed for the null difference between groups. In one study (Lee et al., 2007) , the microthreaded implant also featured coronal tapering, which could be a confounding factor. However, it seems clear that the presence of microthreads in a rough collar implant does not promote a clinically meaningful reduction in crestal bone resorption when compared to a nonmicrothreaded rough collar implant at 1 and 3 years of follow-up.
The studies that evaluated the effect of LASER microtexturing were also heterogeneous in terms of loading protocols and types of restorations, which could have influenced the outcomes. As for a start, failures were reported only on immediately loaded single implants (Guarnieri et al., 2015) . Even though cases were equally distributed by the LASER-microtextured collar and the rough collar groups with 96.1% survival for both, no definite conclusions can be withdrawn from these numbers regarding equivalence of treatments since data originate from a single study with a situation of impaired risk of failure when compared to conventional loading. Regarding MBL changes, not only are the types of restorations different in each of the three studies considered, with unitary fixed restorations (Guarnieri et al., 2015) , fixed partial restorations (Linkevicius et al., 2015) , and removable dentures (Hegazy et al., 2016) but also are different the loading protocols (respectively, for the studies mentioned: immediate, conventional, and early loading). These factors probably explain the heterogeneity associated to the 1-year MBL changes analysis and limit the inference that could be made from the difference of 0.15 mm (p = 0.56) that resulted from the analysis (Figure 7) . Also contributing to confounding is the fact that two studies (Hegazy et al., 2016; Linkevicius et al., 2015) used implants with different platforms (platform matching for LASER-microtextured implants and platform switching for nonmicrotextured implants)
and were unable to demonstrate an effect whereas the only study that used implants with equal outer geometry and similar platform characteristics (Guarnieri et al., 2015) Coronal tapering has been introduced in dental implants with the intent of enhancing the primary stability by allowing an even bone compaction, favourable magnitude, and distribution of strains along the cortical and cancellous bone (Atieh & Shahmiri, 2013) , which was not assessed in any of the studies. Even though two of the studies pointed to a positive effect of coronal tapering (Alsabeeha et al., 2011; Lee et al., 2007) , the study that was specifically designed to address the question (Kim et al., 2010) 
| Overall completeness, applicability of evidence, and limitations
The present review has revealed that the number of studies comparing implant systems with different neck characteristic has been increasing and has been accompanied by an increase in the corresponding quality with well-designed RCTs correctly powered to detect differences between groups. However, a very large portion of studies had to be excluded due to methodological issues, namely the absence of randomization and control group, which limited the data available in some analyses. In fact, meta-analyses on each individual comparison could not be assessed for publication bias according to the recommendations of Egger, Davey Smith, Schneider, and Minder (1997) on testing for funnel plot asymmetry due to the insufficient number of trials (<10). For that reason, the I 2 statistics was used as the alternative strategy for the assessment of inconsistency between studies and whenever that measure indicated significant heterogeneity (>50%) random effects models were used to summarize data, resulting in a more conservative approach that often led to nonsignificant results. The introduction of part of the studies excluded due to methodological issues would have enlarged the pool of patients and implants, increasing the power associated to each analysis, but would have set a high bias risk that could jeopardize the inferences made.
Even though the research strategy was limited to the English language, it is very unlikely that the language restriction has significantly affected the results. Most studies focusing on this subject are recent publications that follow the postmillennium shift towards publication in English, with very few randomized trials published in local non-English journals. The natural limitation of the inclusion of recent studies is that, for most cohorts of patients, data are only available at short-term follow-ups, thus limiting the evidence on the long-term effects of the treatments. All studies limit marginal bone level analyses to the proximal sides of the implants using peri-apical radiographs, frequently not standardized. Even though all studies described the radiographic measurements methods and/or calibration of assessors and for that reason were classified at low risk for detection bias, the absence of standardization of the radiographic images could have contributed to discrepancies in the assessment of marginal bone level changes and must be regarded as a limitation of the present review.
It is also important to consider that most studies provide no data for the healing period, from surgery to the moment delivery of the final restoration, where the highest percentage of bone remodelling is sought to occur (Moergel et al., 2016; Wang, Lee, Wang, & Lin, 2015) . During this period, implant neck geometry might have a more important role in marginal bone resorption due to the stress concentration that causes in the cortical bone (Chowdhary, Halldin, Jimbo, & Wennerberg, 2015; Wang et al., 2015) than in the period that follows implant loading. For a specific implant, the benefits from a single design feature could be enhanced or weakened by the other variables of the implant, namely type of connection, surface characteristics, type of restoration or moment of loading (Ryu et al, 2016) , or even by surgical or individual biological conditions.
For these reasons, it is recommended that the generalization of the results here obtained is made with caution since most of the trials are conducted in efficacy testing conditions rather than pragmatic/efficiency testing conditions. This means that patient inclusion and exclusion criteria are generally very strict with controlled biological conditions and follow-up regimens are meticulous which, in general, is not comparable to the general practice regimen.
| Implications for research
While the primary outcomes survival and marginal bone level changes were systematically reported across studies, the report of secondary outcomes related to peri-implant soft tissue health or patient-reported outcome measures was inconsistently analysed or not documented. In addition, there is the need to extend the follow-ups of the studies already included in this review or to promote the execution of long-term well-designed RCTs.
Reporting of marginal bone level changes (MBL) over variable periods of follow-up is clearly insufficient for the correct evaluation of the performance of dental implants, particularly if no data is provided for the healing period (from surgery to loading). The recommendation is that crestal bone levels or the so-called distanceimplant-bone is also reported.
More, uniformity should be made upon the statistical unit to be considered, particularly when more than one implant per patient is placed. Although it is tempting to consider the implant as the statistical unit due to the possibility of increasing the sample size, we have now data to confirm that certain biological phenomena present clustering patterns that are variable according to the type of implant.
Thus, it is fundamental to report at both the implant and patient level and present the adequate statistical analysis using for instance mixed effect models.
It is fundamental to establish for future research the method and clinical procedures to diagnose peri-implantitis. Simple assessment of implant mobility is clearly not adequate and is certainly inducing the whole community in error by reporting deflated number of positive cases which in turn modifies the expected risks associated to some implant systems.
| Implications for clinical practice
Considering the high survival rates and generally stable marginal bone levels reported across the studies included in this systematic review with a minimum follow-up of 12 months and a maximum follow-up of 16 years, any solid screw-type implant can be recommended for the replacement of missing teeth, regardless of the neck characteristics. No specific implant outstands other available fixtures. Clinicians must be aware that the benefits that might generate from a single design feature could be enhanced or weakened by the other variables of the implant, namely type of connection, surface treatment, or type of restoration. In clinical practice conditions, the heterogeneity of individual biological conditions that opposes the conditions of strictly selected patients included in controlled trials might also modify the outcomes.
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